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SALKINS.017C1 PATENT 
CONSTITUTIVE DISEASE RESISTANCE (CDRl) GENE 
AND METHODS OF USE THEREOF 

5 RELATED APPLICATIONS 

This application is a continuation of co-pending U.S. Serial No. 09/353,332, 
filed July 14, 1999, which claims the benefit of priority from U.S. Provisional 
Application Serial No. 60/092,696, filed July 14, 1998, each of which is hereby 
incorporated by reference in their entirety. 
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^ FIELD OF THE INVENTION 

Jj The present invention relates generally to disease resistance in plants and more 

I specifically to a plant resistance factor, constitutive disease resistance 1 (CDRl), 

polynucleotides encoding CDRl, and methods of use thereof for producing transgenic 
1 5 plants having increased pathogen resistance. 



a BACKGROUND OF THE INVENTION 

A plant is considered healthy when it can carry out its physiological functions, 
such as cell division, differentiation, development, photosynthesis, absorption and 
20 translocation of water and nutrients fi-om the soil, metabolism, reproduction, and storage 
of food supplies, without disruption. When plant functions are disturbed by pathogens, 
the plants become diseased. Disease can be defined as the malfunctioning of plant host 
cells and tissues caused by continuous irritation by a pathogenic agent. A disease 
involves abnormal changes in the form, physiology, or behavior of the plant 

25 

Plant pathogens cause disease by weakening the plant by absorbing food from the 
plant cells, secreting toxins, enzymes, or growth regulating substances that disturb or kill 
the plant cells, or block the transport of food nutrients or water in the plant. The roots, 
stems, leaves, flowers, or fruits can be infected. The affected cells and tissues are 
30 weakened or destroyed, and cannot perform normal physiological functions, resulting in 
reduction of plant growth or death, and reducing crop quality or yield. The major causes 
of plant diseases are bacteria, mycoplasmas, viruses, nematodes, and fimgi. Fugal 
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species from a variety of genera affect plants, including Fusariiim, Pythium, 
Phytophthora, Verticillium, Rhizoctonia, Macrophonmina, Thielaviopsis, Sclerotinia, 
and numerous others. Plant disease caused by fungi include pre- and post-emergence 
seedling damping-off, hypocotyl rots, root rots, crown rots, vascular wilt, and other 
symptoms. Nematodes harmful to plants include nematode species form the genera 
Meloidogyne, Heterodera, Ditylenchus, and Pratylencus. Plant diseases caused by 
nematodes include root galls, root rot, lesions, "stubby" root, stunting, and other rots and 
wilts. Some nematodes {e,g,, Trichodoms, Lonoidorus, Xipenema) can serve as vectors 
for virus diseases in a number of plants including Prunus, grape, tobacco, and tomato. 

Plant pathogenic bacteria cause a variety of plant disease symptoms. About 80 
species of bacteria (e.g., Pseudomonas viridijlava, Xanthomonas campestris pv, 
m asclepiadas, Xyella fastidiosa, Acidovorax albilineans, and Acidovorax avenae sspl 

2 citrulli) cause disease in plants, including fruit rot, galls, wilts, blight, and leaf spots. As 

15 bacteria multiply qxiickly, controlling them early in the disease process is critical. 
Copper and streptomycin compounds are the only chemical compoimds currently 
available for the control of bacterial diseases. 

The response of plants to nndcrobial attack involves de novo synthesis of an array 
20 of proteins designed to restrict the growth of the pathogen. These proteins include 

hydroxyproline-rich glycoproteins, proteinase inhibitors, enzymes for the synthesis of 
phyoalexins, enzymes contributing to the reinforcement of cell walls, and certain 
hydrolytic enzymes. 

25 Plant defenses can also be activated by elicitors derived from microbial cell walls 

and culture fluids. In dicotyledonous plants, extensive studies have shown that microbial 
attack or elicitor treatments induces the transcription of a battery of genes encoding 
proteins involved in the defense response, as part of a massive switch in the overall 
pattern of gene expression. In contrast, little is known about the inducible defenses in 
30 monocotyledonous plants. 
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Genetic engineering of plants, which entails the isolation and manipulation of 
genetic material, e.g., DNA or RNA, and the subsequent introduction of that material 
into a plant or plant cells, has changed plant breeding and agriculture considerably over 
recent years. Increased crop food values, higher yields, feed value, reduced production 
5 costs, pest resistance, stress tolerance, drought resistance, the production of 

pharmaceuticals, chemicals and biological molecules as well as other beneficial traits are 
all potentially achievable through genetic engineering techniques. Genetic engineering 
techniques supplying the genes involved in pathogen resistance have the potential to 
substantially affect crop production. 

I 10 

P SUMMARY OF THE INVENTION 

The present invention is based on the discovery of a constitutive disease 
ff\ resistance (CDRl) factor that confers enhanced disease resistance on plants, including 

p. resistance to infection by the pathogens Pseudomonas syringe pv. tomato (Pst) or P. 

% 15 syringe pv. maculicola (Psm, for example). 



In one embodiment, substantially purified CDRl polypeptide is provided. 
Isolated polynucleotides encoding CDRl polypeptide, as exemplified by SEQ ID NO:l, 
are also provided. Vectors containing CDRl , host cells expressing CDRl , and 
20 antibodies bind that bind to CDRl are further provided. 



In another embodiment, the invention provides a method of producing a 
genetically modified plant characterized as having increased disease resistance as 
compared to a corresponding wild-type plant. The method includes contacting plant cells 

25 with nucleic acid encoding an CDRl polypeptide, operatively associated with an 

expression control sequence, to obtain transformed plant cells; producing plants firom the 
transformed plant cells; and selecting a plant exhibiting increased disease resistance. A 
method for genetically modifying a plant cell such that a plant produced fi-om the cell is 
characterized as having increased disease resistance as compared with a wild-type plant 

30 is also provided. The method includes introducing an isolated polynucleotide encoding 
a CDRl polypeptide into a plant cell to obtain a transformed plant cell, and growing the 
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transformed plant cell under conditions which permit expression of CDRl 
polynucleotide thereby producing a plant having increased disease resistance. 

In a further embodiment, a method is provided for producing a genetically 
5 modified plant characterized as having increased disease resistance as compared to the 
corresponding wild type plant by contacting a susceptible plant with a CDRl promoter- 
inducing amount of an agent necessary to elevate CDRl gene expression above CDRl 
expression in a plant not contacted with the agent. For example, the agent may be a 
transcription factor or a chemical agent, such as dexamethasone (DEX). 

10 

Q A method is also provided for producing genetically transformed, disease 

ffl resistant plants, by introducing into the genome of a plant cell, to obtain a transformed 

m plant cell, a nucleic acid sequence having an expression control sequence operably linked 

^ to a polynucleotide encoding a CDRl polypeptide. The invention also provides plants, 

15 planttissue, and seeds produced by plants produced by the methods of the invention. 
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In yet another embodiment, a method is provided for identifying novel disease 
resistance genes by probing a nucleic acid library with at least a firagment of a 
polynucleotide encoding CDRl, and selecting those clones that hybridize with the 
20 fragment. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic diagram of the activation tagging binary vector pSKl 15, 

25 FIG. 2 is a drawing of the organization of pCDRlE and pCDRlCl . 

FIGS. 3A and 3B are the genomic sequence of CDRl and the deduced amino acid 
sequence (SEQ ID NO:l and SEQ ID NO:2, respectively). 

30 FIG. 4 is a 1-D silver-stained gel showing a 4.5 kDa polypeptide induced by CDRl. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

It must be noted that as used herein and in the appended claims, the singular 
forms "a", "and", and "the" include plural referents unless the context clearly dictates 
otherwise. Thus, for example, reference to "a cell" includes a plurality of such cells and 
reference to "the receptor" includes reference to one or more receptors and equivalents 
thereof known to those skilled in the art, and so forth. 

Unless defined otherwise, all technical and scientific terms used herein have the 
same meaning as commonly understood to one of ordinary skill in the art to which this 
invention belongs. Although any methods, devices and materials similar or equivalent to 
those described herein can be used in the practice or testing of the invention, the 
preferred methods, devices and materials are now described. 

All pubUcations mentioned herein are incorporated herein by reference in full for 
the purpose of describmg and disclosing the cell lines, chemokines, and methodologies 
which are described in the publications which might be used in connection with the 
presently described invention. The publications discussed above and throughout the text 
are provided solely for their disclosure prior to the filing date of the present application. 
Nothing herein is to be construed as an admission that the inventors are not entitled to 
antedate such disclosure by virtue of prior invention. 

This invention provides a constitutive disease resistance (CDRl) polypeptide, 
polynucleotide and methods of use. CDRl confers resistance to plant pathogens and is 
therefore usefid in the production of genetically modified pest-resistant plants. 
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Polynucleo tides. Polypeptides. Vectors, and Host Cells 

The invention provides substantially purified CDRl polypeptide. Preferably, 
CDRl has an amino acid sequence as set forth in SEQ ID NO:2, and conservative 
variants thereof (see Figure 3). The term "substantially purified" as used herein refers to 
a polypeptide which is substantially free of other proteins, lipids, carbohydrates or other 
materials with which it is naturally associated. One skilled in the art can purify CDRl 
using standard techniques for protein purification. The substantially pure polypeptide 
will yield a single major band on a non-reducing polyacrylamide gel. The purity of the 
CDRl polypeptide can be determined by amino-terminal amino acid sequence analysis. 



The invention includes functional CDRl polypeptide as well as functional 
fragments thereof. As used herein, the term "functional polypeptide" refers to a 
polypeptide which possesses biological function or activity which is identified through a 
defined functional assay and which is associated with a particular biologic, morphologic, 
g 15 or phenotypic alteration in the cell. The term functional fragments of CDRl polypeptide, 
W refers to all fragments of CDRl that retain a CDRl activity. Biologically functional 

Q fragments, for example, can vary in size from a polypeptide fragment as small as an 

^ epitope capable of binding an antibody molecule to a large polypeptide capable of 

participating in the characteristic induction or programming of phenotypic changes 
20 within a cell. A specific, nonlimiting example of a functional fragment of CDRl is a 
polypeptide encoding a domain able to increase the level of PR-1, PR-2 or RbohA 
transcription. Alternatively, a functional fragment can confer disease resistance to a 
particular pathogen, or can bind DNA and activate transcription or a CDRl -regulated 
goie. 

25 

Minor modifications of the CDRl primary amino acid sequences may result in 
proteins which have substantially equivalent activity as compared to the unmodified . 
counterpart polypeptide described herein. Such modifications may be deliberate, as by 
site-directed mutagenesis, or may be spontaneous. All of the polypeptides produced by 
30 these modifications are included herein as long as a biological activity of CDRl still ex- 
ists. Further, deletion of one or more amino acids can also result in a modification of the 
structure of the resultant molecule without significantly altering its activity. Deletion can 
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lead to the development of a smaller active molecule which could have broader utility. 
For example, it may be possible to remove amino or carboxy terminal amino acids 
required for CDRl activity. Dominant negative forms of CDRI are also included herein. 

5 CDRl polypeptide includes amino acid sequences substantially the same as the 

sequence set forth in SEQ ID NO:2. The term substantially the same refers to amino acid 
sequences that retain the activity of CDRl as described herein, e.g., confer resistance to 
plant pathogens. The CDRl polypeptides of the invention include conservative variations 
of the polypeptide sequence. The term "conservative variation" as used herein denotes the 
S 10 replacement of an amino acid residue by another, biologically similar residue. Examples of 
rf conservative variations include the substitution of one hydrophobic residue such as 



^ isoleucine, valine, leucine or methionine for another, or the substitution of one polar residue 

W 

in for another, such as the substitution of arginine for lysine, glutamic for aspartic acids, or 

T glutamine for asparagine, and the like. The term "conservative variation" also includes the 
1 5 use of a substituted amino acid in place of an unsubstituted parent amino acid provided that 

a 

y antibodies raised to the substituted polypeptide also immxmoreact with the unsubstituted 

5 polypeptide. 



In yet another embodiment, the invention provides a substantially purified 
20 polypeptide characterized as having a molecular weight of about 4.5 kDa by PAGE; being 
induced by CDRl polypeptide; and having a biological activity that induces disease 
resistance in plants. Example 13 provides experimental evidence that CDRl expression 
results in specific induction of a 4,5 kDa protein. While not wanting to be bound by a 
particular theory, it is believed that this protein may be responsible for providing disease 
25 resistance in plants. Thus, once isolated, the 4,5 kDa protein may be independently utilized 
to provide disease resistance in plants, and anti-4.5 kDa antibodies may be usefiil in 
increasing susceptibility to disease in plants. 

The invention provides polynucleotides encoding the CDRl protein. These 
30 polynucleotides include DNA, cDNA and RNA sequences which encode CDRl . It is 
understood that all polynucleotides encoding CDRl are also included herein, as long as 
they encode a polypeptide with a CDRl activity or fragments (hereof. Such 
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polynucleotides include naturally occurring, synthetic, and intentionally manipulated 
polynucleotides. For example, CDRl polynucleotide may be subjected to site-directed 
mutagenesis. The polynucleotide sequence for CDRl also includes antisense sequences, 
and sequences encoding dominant negative forms of CDRl . The polynucleotides of the 
invention include sequences that are degenerate as a result of the genetic code. There are 
20 natural amino acids, most of which are specified by more than one codon. Therefore, 
all degenerate nucleotide sequences are included in the invention as long as the amino 
acid sequence of CDRl polypeptide encoded by the nucleotide sequence is functionally 
unchanged. 

Specifically disclosed herein is a nucleic acid sequence encoding CDRl 
polypeptide (Figure 3), An exemplary CDRl nucleotide sequence is set forth in SEQ ID 
NO:l. The term polynucleotide or nucleic acid sequence refers to a polymeric form of 
nucleotides at least 10 bases in length. By isolated polynucleotide is meant a 
polynucleotide that is not immediately contiguous with both of the coding sequences 
with which it is immediately contiguous (one on the 5' end and one on the 3' end) in the 
naturally occurring genome of the organism firom which it is derived. The term therefore 
includes, for example, a recombinant DNA which is incorporated into a vector; into an 
autonomously replicating plasmid or vims; or into the genomic DNA of a prokaryote or 
eukaryote, or which exists as a separate molecule (e,g, a cDNA) independent of other 
sequences. The nucleotides of the invention can be ribonucleotides, 
deoxyribonucleotides, or modified forms of either nucleotide. The term includes single 
and double fomis of DNA. 

A polynucleotide encoding CDRl includes SEQ ID NO:l, polynucleotides 
encoding dominant negative forms of CDRl, and nucleic acid sequences complementary 
to SEQ ED NO:l. A complementary sequence may include an antisense nucleotide. 
When the sequence is RNA, the deoxynucleotides A, G, C, and T of SEQ ID NO:l are 
replaced by ribonucleotides A, G, C, and U, respectively. Also included in the invention 
are firagments of the above-described nucleic acid sequences and are at least 15 bases in 
length, which is sufficient to permit the firagment to selectively hybridize to DNA that 
encodes the protein of SEQ ID NO:2 under physiological conditions or a close family 
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member of CDRl . Degenrate variants of SEQ ED NO: 1 , SEQ ID NO: 1 where T can also 
be a U, and fragments of that are at least 15 bases in length that will hybrize to DNA or 
RNA which encodes CDRl are also included. The term selectively hybridize refers to 
hybridization under moderately or highly stringent conditions which excludes 
non-related nucleotide sequences. 

In nucleic acid hybridization reactions, the conditions used to achieve a particular 
level of stringency will vary, depending on the nature of the nucleic acids being 
hybridized. For example, the length, degree of complementarity, nucleotide sequence 
composition (e.g., GC v. AT content), and nucleic acid type {e.g., RNA v. DNA) of the 
hybridizing regions of the nucleic acids can be considered in selecting hybridization 
conditions. An additional consideration is whether one of the nucleic acids is 
immobilized, for example, on a filter. 

An example of progressively higher stringency conditions is as follows: 2 x 
SSC/0.1% SDS at about room temperature (hybridization conditions); 0.2 x SSC/0.1% 
SDS at about room temperature (low stringency conditions); 0.2 x SSC/0.1% SDS at 
about 42/C (moderate stringency conditions); and 0.1 x SSC at about 68/C (high 
stringency conditions). Washing can be carried out using only one of these conditions, 
e.gy high stringency conditions, or each of the conditions can be used, e.g.y for 10-15 
minutes each, in the order listed above, repeating any or all of the steps listed. However, 
as mentioned above, optimal conditions will vary, depending on the particular 
hybridization reaction involved, and can be determined empirically. 

DNA sequences encoding CDRl can be expressed in vitro by DNA transfer into a 
suitable host cell. "Host cells" are cells in which a vector can be propagated and its DNA 
expressed. The cell may be plant cells, or prokaryotic or eukaryotic cells. ,The term also 
includes any progeny of the subject host cell. It is imderstood that all progeny may not 
be identical to the parental cell since there may be mutations that occur during 
replication. However, such progeny are included when the term "host cell" is used. 
Methods of stable transfer, meaning that the foreign DNA is continuously maintained in 
the host, are known in the art. 
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In the present invention, the CDRl polynucleotide sequences may be inserted 
into an expression vector. The term "expression vector" refers to a plasmid, virus or 
other vehicle known in the art that has been manipulated by insertion or incorporation of 
the CDRl genetic sequences. Polynucleotide sequence which encode CDRl can be 
operatively linked to expression control sequences. Operatively linked refers to a 
juxtaposition wherein the components so described are in a relationship permitting them 
to function in their intended manner. An expression control sequence operatively linked 
to a coding sequence is ligated such that expression of the coding sequence is achieved 
under conditions compatible with the expression control sequences. As used herein, the 
term expression control sequences refers to nucleic acid sequences that regulate the 
expression of a nucleic acid sequence to which it is operatively linked. Expression 
control sequences are operatively linked to a nucleic acid sequence when the expression 
control sequences control and regulate the transcription and, as appropriate, translation of 
the nucleic acid sequence. Thus expression control sequences can include appropriate 
promoters, enhancers, transcription terminators, as start codon (z,e., ATG) in front of a 
protein-encoding gene, splicing signal for introns, maintenance of the correct reading 
frame of that gene to permit proper translation of mRNA, and stop codons. The term 

control sequences is intended to included, at a minimum, components whose presence 
can influence expression, and can also include additional components whose presence is 
advantageous, for example, leader sequences and fusion partner sequences. Expression 

control sequences can include a promoter. 

By promoter is meant minimal sequence suffrcient to direct transcription. Also 
included in the invention are those promoter elements which are sufficient to render 
promotCT-dependent gene expression controllable for cell-type specific, tissue-specific, or 
inducible by extOTial signals or agents; such elements may be located in the 5' or 3' 
regions of the gene. 

Optionally, a selectable marker may be associated with the CDRl polynucleotide. 
As used herein, the term "marker" refers to a gene encoding a trait or a phenotype which 
permits the selection of, or screening for, a cell containing the marker. Preferably, the 
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marker gene is an antibiotic resistance gene whereby the appropriate antibiotic can be 
used to select for transformed cells from among cells that are not transformed. Examples 
of suitable selectable markers for use in plants include adenosine deaminase, 
dihydrofolate reductase, hygromycin-B-phosphotransferase, thymidine kinase, xanthine- 
guanine phospho-ribosyltransferase and amino-glycoside 3'-0-phosphotransferase 11 
(kanamycin, neomycin and G418 resistance). Other suitable markers will be known to 
those of skill in the art. 

A variety of host-expression vector systems may be utilized to express the CDRl 
coding sequence. These include but are not limited to microorganisms such as bacteria 
transformed with recombinant bacteriophage nucleic acid, plasmid nucleic acid or 
cosmid nucleic acid expression vectors containing the CDRl coding sequence; yeast 
transformed with recombinant yeast expression vectors containing the CDRl coding 
sequence; plant cell systems infected with recombinant vims expression vectors (e.g-., 
cauliflower mosaic virus, CaMV; tobacco mosaic vims, TMV) or transformed with 
recombinant plasmid expression vectors (e.g., Ti plasmid) containing the CDRl coding 
sequence; insect cell systems infected with recombinant viras expression vectors (e.g., 
baculovirus) containing the CDRl coding sequence; or animal cell systems infected with 
recombinant virus expression vectors (e.g., retrovimses, adenovirus, vaccinia virus) 
containing the CDRl coding sequence, or transformed animal cell systems engineered 
for stable expression. 

CDRl Antibodies 

The CDRl polypeptides of the invention can be used to produce antibodies which 
are immunoreactive or bind to epitopes of the CDRl polypeptides. Antibodies which 
consist essentially of pooled monoclonal antibodies with different epitopic specificities, 
as well as distinct monoclonal antibody preparations are provided. 

The preparation of polyclonal antibodies is well-known to those skilled in the art. 
See, for example. Green et al. Production of Polyclonal Antisera, in; Immynoghemic^l 
Protocols, pages 1-5, Manson, ed., Himiana Press, 1992; and Coligan et al. Production 
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of Polyclonal Antisera in Rabbits, Rats, Mice and Hamsters, in: Current ProtQQOls in 
Immunology , section 2.4.1, 1992; which are hereby incorporated by reference. 



The preparation of monoclonal antibodies likewise is conventional. See, for 
5 example, Kohler and Milstein, Nature 25^:495, 1975; Coligan et aL, sections 2.5.1-2.6.7, 
supra\ and Harlow et al, in: Antibodies: a Labora tory ManuaL page 726, Cold Spring 
Harbor Pub., 1988; which are hereby incorporated by reference. Briefly, monoclonal 
antibodies can be obtained by injecting mice with a composition comprising an antigen, 
verifying the presence of antibody production by removing a serum sample, removing 
10 the spleen to obtain B lymphocytes, fusing the B lymphocytes with myeloma cells to 
produce hybridomas, cloning the hybridomas, selecting positive clones that produce 
antibodies to the antigen, and isolating the antibodies from the hybridoma cultures. 
Monoclonal antibodies can be isolated and purified from hybridoma cultures by a variety 
of well-established techniques. Such isolation techniques include affinity 
15 chromatography with Protein-A Sepharose, size-exclusion chromatography, and ion- 
exchange chromatography. See, e.g., Coligan et aL, sections 2.7,1-2.7.12 and sections 
2.9.1-2.9.3, supra\ Barnes et aL, Purification of Immunoglobulin G (IgG), in; Methods in 
Molecular Biologv. Vol. 10, pages 79-104, Hvimana Press, 1992. 

20 Methods of in vitro and in vivo multiplication of monoclonal antibodies are well 

known to those skilled in the art. Multiplication in vitro may be carried out in suitable 
culture media such as Dulbecco's Modified Eagle Medium or RPMI 1640 medium, 
optionally supplemented by a mammalian serum such as fetal calf serum or trace 
elements and growth-sustaining supplements such as normal mouse peritoneal exudate 

25 cells, spleen cells, thymocytes or bone marrow macrophages. Production in vitro 

provides relatively pure antibody preparations and allows scale-up to yield large amounts 
of the desired antibodies. Large scale hybridoma cultivation can be carried out by 
homogenous suspension culture in an airlift reactor, in a continuous stirrer reactor, or in 
immobilized or entrapped cell culture. Multiplication in vivo may be carried out by 

30 injecting cell clones into mammals histocompatible with the parent cells, e.g., syngeneic 
mice, to cause growth of antibody-producing tumors. Optionally, the animals are primed 
with a hydrocarbon, especially oils such as pristane (tetramethylpentadecane) prior to 
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injection. After one to three weeks, the desired monoclonal antibody is recovered from 
the body fluid of the animal. 

The term "antibody" as used in this invention includes intact molecules as well as 
5 fragments thereof, such as Fab, F(ab')2, and Fv which are capable of binding the epitopic 
determinant. These antibody fragments retain some ability to selectively bind with its 
antigen or receptor and are defined as follows: 

(1) Fab, the fragment which contains a monovalent antigen-binding fragment 
of an antibody molecule can be produced by digestion of whole antibody with the 

fslt 

O 10 enzyme papain to yield an intact light chain and a portion of one heavy chain; 

(2) Fab\ the fragment of an antibody molecule can be obtained by treating 
whole antibody with pepsin, followed by reduction, to yield an intact light chain and a 

in portion of the heavy chain; two Fab' fragments are obtained per antibody molecule; 

(3) (FabOi, the fragment of the antibody that can be obtained by treating 
1 5 whole antibody with the enzyme pepsin without subsequent reduction; F(ab')2 is a dimer 

of two Fab' firagments held together by two disulfide bonds; 

(4) Fv, defined as a genetically engineered firagment containing the variable 
region of the light chain and the variable region of the heavy chain expressed as two 
chains; and 

20 (5) Single chain antibody ("SCA"), defined as a genetically engineered 

molecule containing the variable region of the light chain, the variable region of the 
heavy chain, linked by a suitable polypeptide linker as a genetically fiised single chain 
molecule. 

25 Methods of making these firagments are known in the art. (See, for example, 

Harlow and Lane, Antibodies: A Laboratorv Manual. Cold Spring Harbor Laboratory, 
New York, 1988, incorporated herein by reference). As used in this invention, the term 
"epitope" means any antigenic determinant on an antigen to which the paratope of an 
antibody binds. Epitopic determinants usually consist of chemically active surface 
30 groupings of molecules such as amino acids or sugar side chains and visually have 
specific three dimensional structural characteristics, as well as specific charge 
characteristics. 
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Antibody fragments of the present invention can be prepared by proteolytic 
hydrolysis of the antibody or by expression in E, coli of DNA encoding the fragment- 
Antibody fragments can be obtained by pepsin or papain digestion of whole antibodies 
by conventional methods. For example, antibody fragments can be produced by 
enzymatic cleavage of antibodies with pepsin to provide a 5S fragment denoted F(ab*)2- 
This fragment can be ftirther cleaved using a thiol reducing agent, and optionally a 
blocking group for the sulfhydryl groups resulting from cleavage of disulfide linkages, to 
produce 3.5S Fab' monovalent fragments. Alternatively, an enzymatic cleavage using 
pepsin produces two monovalent Fab' fragments and an Fc fragment directly. These 
methods are described, for example, by Goldenberg, U.S. patents No. 4,036,945 and No. 
4,331,647, and references contained therein. These patents are hereby incorporated in 
their entireties by reference. See also Nisonhoff et aL, Arch, Biochem, Biophys, S2:230, 
1960; Porter, Biochem. J, 12l\\\9, 1959; Edehnan et aL, Methods in Enzvmologv. Vol. 1, 
page 422, Academic Press, 1967; and Coligan et al. at sections 2.8.1-2.8.10 and 2.10.1- 
2.10.4, supra. 

Other methods of cleaving antibodies, such as separation of heavy chains to form 
monovalent light-heavy chain fragments, ftulher cleavage of fragments, or other 
enzymatic, chemical, or genetic techniques may also be used, so long as the firagments 
bind to the antigen that is recognized by the intact antibody. 

For example, Fv fragments comprise an association of Vh and chains. This 
association may be noncovalent, as described in Inbar et alj Proc. Nat'l Acad, Sci, USA 
62:2659, 1972. Alternatively, the variable chains can be linked by an intermolecular 
disulfide bond or cross-linked by chemicals such as glutaraldehyde. See, e,g,, Sandhu, 
supra. Preferably, the Fv firagments comprise Vh and Vl chains connected by a peptide 
linker. These single-chain antigen binding proteins (sFv) are prepared by constructing a 
stmctural gene comprising DNA sequences encoding the Vh and V^ domains connected 
by an oligonucleotide. The structural gene is inserted into an expression vector, which is 
subsequently introduced into a host cell such as E, coli. The recombinant host cells 
synthesize a single polypeptide chain with a linker peptide bridging the two V domains. 
Methods for producing sFvs are described, for example, by Whitlow et aL, Methods: a 
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rnmpanion to Methods in Rnzvmologv. Vol. 2, page 97, 1991; Bird et al. Science 
242:423-426, 1988; Ladner et al, U.S. patent No. 4,946.778; Pack et al, Bio/Technology 
11:1271-77, 1993; and Sandhu, supra. 

5 Another form of an antibody fragment is a peptide coding for a single com- 

plementarity-determining region (CDR). CDR peptides ("minimal recognition units") 
can be obtained by constructing genes encoding the CDR of an antibody of interest. 
Such genes are prepared, for example, by using the polymerase chain reaction to 
synthesize the variable region from RNA of antibody-producing cells. See, for example, 

IN- 

O 10 T arrirk P.t al. Methods: a rotnpanion to Methods in Enzvmologv. Vol. 2. page 106. 

G 

U 1991. 

01 

w 

yl Antibodies which bind to the CDRl polypeptide of the invention can be prepared 

a using an intact polypeptide or fragments containing small peptides of interest as the 

h 15 immunizing antigen. In an illustrative example, a peptide as described in Example 14(6), 
W DTVSKTVSFKPTDC, was utilized for antibody production. The polypeptide or a 

Q peptide used to immunize an animal can be derived from translated cDNA or chemical 

synthesis which can be conjugated to a carrier protein, if desired. Such commonly used 
carriers which are chemically coupled to the peptide include keyhole limpet hemocyanin 
20 (KLH), thyroglobulin, bovine serum albumin (BSA), and tetanus toxoid. The coupled 
peptide is then used to inununize the animal (e.g., a mouse, a rat, or a rabbit). 

If desired, polyclonal or monoclonal antibodies can be further purified, for 
example, by binding to and elution from a matrix to which the polypeptide or a peptide 
25 to which the antibodies were raised is bound. Those of skill in the art will know of 

various techniques common in the immunology arts for purification and/or concentration 
of polyclonal antibodies, as well as monoclonal antibodies (See for example, Coligan 
et al. Unit 9, Current Prot ocols in Immunology. Wiley Interscience, 1991, incorporated 
by reference). 

30 

It is also possible to use the anti-idiotype technology to produce monoclonal 
antibodies which mimic an epitope. For example, an anti-idiotypic monoclonal antibody 
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made to a first monoclonal antibody will have a binding domain in the hypervariable 
region which is the image of the epitope bound by the first monoclonal antibody. 

Gpneticallv Modified Plants and M ethods of Making 

In another embodiment, the invention provides a method for producing a 
genetically modified plant characterized as having increased disease resistance as 
compared to a plant which has not been genetically modified (e.^., a wild-type plant). 
The term disease resistance or pathogen resistance refers to the ability to maintain a 
desirable phenotype upon exposxire to infection, relative to a nontransgenic plant. The 
□ 10 level of resistance can be determined by comparing the physical characteristics of the 
rf iirvention plant to nontransgenic plants that either have or have not been exposed to 

infection. Exemplary physical characteristics to observe include an increase in 

W 

Ul population of plants that have the ability to survive pathogen challenge, delayed lesion 

development, reduced lesion size, and the like. The term "disease" refers to a pathogen 
^ 15 challenge caused any agent known to cause symptoms of infection in plants, including, 
but not limited to bacteria, nematodes, viruses, mycoplasmas, and fimgi. In a preferred 
embodiment, the pathogen is a bacterial pathogen, including, but not limited to, 
Pseudomonas. Exemplary organisms include Pseudomonas synringe pv. tomato (Pst) 
and Pseudomonas syringe pv. maculicola (Psm). The term "increased resistance to 
20 pathogens" or "increased resistance to disease" refers to a level of resistance that an 

invention transgenic plant has to plant pathogens above a defined reference level such as 
the level of resistance displayed by nontransgenic plants of the same species. Thus, the 
increased resistance is measured relative to previously existing plants of the same 
species. In one embodiment, the resistance is substantially increased above the defined 
25 reference level greater than or equal to a 20% increase, preferably greater than or equal to 
a 50% increase, more preferably greater than or equal to a 75% increase, with the most 
preferred being a 95% increase and above. The phase "nontransgenic plant of the same 
species" means a plant of the same species that does not contain any heterologous 
transgenes, or does not contain any transgenes containing a sequence derived from 
30 CDRl. The term "heterologous nucleic acid sequence" as used herein refers to a nucleic 
acid foreign to the recipient plant host or, native to the host if the native nucleic acid is 
substantially modified firom its original form. The levels of pathogen resistance can be 
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detennined using methods well known to one of skill in the art. These methods include 
bacterial resistance assays and fungal infection assays described in U.S. Patent 
5,530,187, herein incorporated by reference. 

The method of the invention comprises the steps of introducing at least one - 
nucleic acid sequence encoding CDRl into a plant cell to obtain a transformed plant cell, 
wherein the nucleic acid sequence is operably associated with a promoter; producing a 
plant from the transformed plant cell under conditions which allow expression of CDRl 
polynucleotide to produce CDRl polypeptide; and thereafter selecting a plant exhibiting 
increased pathogen resistance. The plant may be either a magnitude or a dicot. 
Examples of monocotyledonous plants include, but are not limited to, asparagus, field 
and sweet com, barley, wheat, rice (e.^,, Japonica or Indica), sorghvmi, onion, pearl 
millet, rye and oats. Examples of dicotyledonous plants include, but are not limited to 
tomato, tobacco, cotton, rapist, field beans, soybeans, potatoes, grapes, strawberries, 
peppers, lettuce, peas, alfalfa, clover. Cole crops or Brassica oleracea {e.g., cabbage, 
broccoli, cauliflower, brussel sprouts), radish, carrot, beets, eggplant, spinach, cucumber, 
squash, melons, cantaloupe, sunflowers and various omamentals. Woody species 
include poplar, pine, sequoia, cedar, oak, and the like. 

The term "genetic modification" as used herein refers to the introduction of one 
or more heterologous nucleic acid sequences into one or more plant cells, to provide 
sexually competent, viable plants. The term "genetically modified" as used herein refers 
to a plant which has been generated through the aforementioned process. Genetically 
modified plants of the invention are capable of self-pollinating or cross-pollinating with 
other plants of the same species so that the foreign gene, carried in the germ line, can be 
inserted into or bred into agriculturally useful plant varieties. The term "plant cell" as 
used herein refers to protoplasts, gamete producing cells, and cells which regenerate 
into whole plants. Accordingly,.a seed comprising multiple plant cells capable of 
regenerating into a whole plant, is included in the definition of "plant cell. 

As used herein, the term "plant" refers to either a whole plant, a plant part, a plant 
cell, or a group of plant cells, such as plant tissue, for example. Plantlets are also 



17 



included within the meaning of "plant. Plants included in the invention are any plants 
amenable to transfomiation techniques, including angiospemis, gymnospemis, 
monocotyledons and dicotyledons. 

The temi "heterologous nucleic acid sequence" has been defined above. Any 
nucleic acid sequence of interest may be used with the subject invention. For example, 
the term includes a nucleic acid originating in the host species, where such sequence is 
operably linked to a promoter that differs from the natural or wild-type promoter. In the 
broad method of the invention, at least one nucleic acid sequence encoding CDRl 
polypeptide is associated with a suitable promoter. It may be desirable to introduce more 
than one copy of CDRl polynucleotide into a plant for enhanced CDRl expression. For 
example, multiple copies of the gene would have the effect of increasing production of 
CDRl polypeptide in the plant allowing for greater disease resistance. 

Genetically modified plants of the present invention are produced by introducing 
into a plant cell, a vector including at least one nucleic acid sequence encoding CDRl . 
To be effective once introduced into plant cells, the CDRl nucleic acid sequence must be 
opCTably associated with a promoter which is effective in the plant cells to cause 
transcription of CDRl. Additionally, a polyadenylation sequence or transcription control 
sequence, also recognized in plant cells may also be employed. It is preferred that the 
vector harboring the nucleic acid sequence to be inserted also contain one or more 
selectable marker genes so that the transformed cells can be selected from 
nontransfonned cells in culture, as described herein. 

The expression of CDRl polynucleotides in the present invention may be driven 
by a number of promoters. The endogenous, or native promoter of an CDRl may be 
utilized for transcriptional regulation of the gene, or a heterologous promoter that is a 
foreign regulatory sequence may be utilized. For plant expression vectors, suitable viral 
promoters include the 35S RNA and 19S RNA promoters of CaMV (Brisson et aL, 
Nature ilQ:51 1, 1984; Odell et aL, Nature 112:810, 1985); the fiilMength transcript 
promoter from Figwort Mosaic Virus (FMV) (Gowda et al, J, Cell Biochem, 12D:301 , 
1989) and the coat protein promoter to TMV (Takamatsu et a/., EMBO J. 6:307, 1987). 
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Alternatively, plant promoters such as the light-inducible promoter from the small 
subxmit of ribulose bis-phosphate carboxylase (ssRUBISCO) (Conizzi et al., EMBO J, 
2:1671, 1984; Broglie et al. Science 224:838, 1984); mamiopine synthase promoter 
(Velten et al, EMBO J. 1:2723, 1984) nopaline synthase (NOS) and octopine synthase 
(OCS) promoters (carried on tumor-inducing plasmids of Agrobacterium tumefaciens) or 
heat shock promoters, e.g., soybean hspl7,5-E or hspl7.3-B (Gurley et al, MoL Cell, 
BioL 6:559, 1986; Severin et al. Plant MoL BioL, 1^:827, 1990) may be used. 

Promoters useful in the invention include both natural constitutive and inducible 
promoters as well as engineered promoters. The CaMV promoters are examples of 
constitutive promoters. To be most useful, an inducible promoter should 1) provide low 
expression in the absence of the inducer; 2) provide high expression in the presence of 
the inducer; 3) use an induction scheme that does not interfere with the normal 
physiology of the plant; and 4) have no effect on the expression of other genes. 
Examples of inducible promoters useful in plants include those induced by chemical 
means, such as the yeast metallothionein promoter which is activated by copper ions 
(Mett et aL, Proc. Natl. Acad. ScL U.S.A, 2Q:4567, 1993); In2-1 and In2.2 regulator 
sequences which are activated by substituted benzenesulfonamides, e.g., herbicide 
safeners (Hershey et al. Plant MoL BioL, 12:679, 1991); and the GRE regulatory 
sequences which are induced by glucocorticoids (Schena et aL, Proc. NatL Acad. Set 
U.S.A. SS:10421, 1991) (See Example 10). Other promoters, both constitutive and 
inducible will be known to those of skill in the art. 

The particular promoter selected should be capable of causing sufficient 
expression to result in the production of an effective amount of structural gene product, 
e.g., CDRl polypeptide, to cause increased disease resistance, ultimately resulting in 
increased plant yield. The promoters used in the vector constructs of the present 
invention may be modified, if desired, to affect their control characteristics. 

Tissue specific promoters may also be utilized in the present invention. An 
example of a tissue specific promoter is the promoter active in shoot meristems 
(Atanassova et aL, Plant J. 2:291, 1992). Other tissue specific promoters useful in 
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transgenic plants, such as the cdc2a promoter and cyc07 promoter, will be known to 
those of skill in the art. (See, for example, Ito et aL, Plant MoL Biol, 24:863, 1994; 
Martinez et al, Proc. Natl Acad. Set USA S2:7360, 1992; Medford et aL, Plant Cell 
1:359, 1991; Terada et ai. Plant Journal^ 1:241, 1993; Wissenbach et al. Plant Journal 
4:41 1, 1993). There are promoters known which limit expression to particular plant parts 
or in response to particular stimuli (e.^., the patatin promoters or the promoters for the 
large or small subunits of ADP glucose pyrophosphorylase). These promoters which 
limit expression, such as those that direct expression to roots, could be operably 
associated with CDRl to direct expression primarily in the tuber. One skilled in the art 
will know of many such plant part-specific promoters which would be useful in the 
present invention. 

Promoters used in the nucleic acid constructs of the present invention may be 
modified, if desired, to affect their control characteristics. For example, the CaMV 35S 
promoter may be ligated to the portion of the ssRUBISCO gene that represses the 
expression of ssRUBISCO in the absence of light, to create a promoter which is active in 
leaves but not in roots. The resulting chimeric promoter may be used as described 
herein. For purposes of this description, the phrase "CaMV 35S" promoter thus includes 
variations of CaMV 35S promoter, e^., promoters derived by means of ligation with 
operator regions, random or controlled mutagenesis, etc. Furthermore, the promoters 
may be altered to contain multiple "enhancer sequences" to assist in elevating gene 
expression. 

Alternatively, the promoters utilized may be selected to confer specific 
expression of CDRl in response to disease such as fungal infection. The infection of 
plants by fimgal pathogens activate defense-related or pathogenesis-related (PR) genes 
which encode (1) enzymes involved in phenylpropanoid metabolism such as 
phenylalanine ammonia lyase, chalcone synthase, 4-coumarate coA ligase and coumaric 
acid 4-hydroxylase, (2) proteins that modify plant cell walls such as hydroxyproline-rich 
glycoproteins, glycine-rich proteins, and peroxidases, (3) enzymes, such as chitinases and 
glucanases, that degrade the fungal cell wall, (4) thaumatin-like proteins, or (5) proteins 
of as yet unknown function. The defense-related or PR genes have been isolated and 
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characterized from a number of plant species. The promoters of these genes may be used 
to obtain expression of CDRl in transgenic plants when such plants are challenged with 
a pathogen, particularly a fungal pathogen such as Pi. The particular promoter selected 
should be capable of causing sufficient expression of CDRl to result in the production of 
an effective amount of polypeptide. 

Optionally, a selectable marker may be associated with the nucleic acid sequence 
to be inserted. The term "marker" has been defined above. Preferably, the marker gene 
is an antibiotic resistance gene whereby the appropriate antibiotic can be used to select 
for transformed plant cells from among plant cells that are not transformed. Examples of 
suitable selectable markers are described above. Preferably, the marker gene is an 
antibiotic resistance gene whereby the appropriate antibiotic can be used to select for 
transformed cells from among cells that are not transformed. Examples of suitable 
selectable markers for use in plants include adenosine deaminase, dihydrofolate 
reductase, hygromycin-B-phosphotransferase, thymidine kinase, xanthine-guanine 
phospho-ribosyltransferase and amino-glycoside 3'-0-phosphotransferase H (kanamycin, 
neomycin and G418 resistance). Other suitable markers will be known to those of skill 
in the art 

Vector(s) employed in the present invention for transformation of plant cells 
comprise a nucleic acid sequence encoding CDRl polypeptide, operably associated with 
a promoter. To effect a transformation process in accordance with the present invention, 
it is first necessary to construct a suitable vector and properly introduce it into the plant 
cell. Details of the construction of vectors utilized herein are known to those skilled in 
the art of plant genetic engineering. 

CDRl nucleic acid sequences utilized in the present invention can be introduced 
into plant cells using Ti plasmids of Agrobacterixmi tumefaciens, root-inducing (Ri) 
plasmids, and plant virus vectors. (For reviews of such techniques see, for example, 
Weissbach & Weissbach, Methods for Plant Molecular Bioloev . Section VTE, pp. 421- 
463, Academic Press, NY, 1988; Grierson & Corey, Plant Molecular Biologv. 2d Ed., 
Ch. 7-9, Blackie, Londpn, 1988; and Horsch et al. Science, 222:1229, 1985; each 
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incorporated herein by reference). In addition to plant transformation vectors derived 
from the Ti or root-inducing (Ri) plasmids of Agrobacterium, alternative methods of 
transformation may be utilized including the use of liposomes, electroporation, chemicals 
that increase free nucleic acid uptake, transformation using viruses or pollen and the use 
of biolistic transformation. 

One of skill in the art will be able to select an appropriate vector for introducing 
the CDRl polynucleotide sequence in a relatively intact state. Thus, any vector which 
will produce a plant carrying the introduced nucleic acid sequence should be sufficient. 
Even use of a naked piece of nucleic acid would be expected to confer the properties of 
this invention, though at low efficiency. The selection of the vector, or whether to use a 
vector, is typically guided by the method of transformation selected. 

The transformation of plants in accordance with the invention may be carried out 
in essentially any of the various ways known to those skilled in the art of plant molecular 
biology. (See, for example. Methods of Enzvmologv . Vol. 153, Wu and Grossman, Eds., 
Academic Press, 1987, incorporated herein by reference). As used herein, the term 
"transformation" means alteration of the genotype of a host plant by the introduction of 
CDRl nucleic acid sequence. 

For example, an CDRl nucleic acid sequence can be introduced into a plant cell 
utilizing Agrobacterium tumefaciens containing the Ti plasmid, as mentioned briefly 
above. In using an A. tumefaciens culture as a transformation vehicle, it is advantageous 
to use a nononcogenic strain of Agrobacterivmi as the vector carrier so that normal 
nononcogenic differentiation of the transformed tissues is possible. It is also preferred 
that the Agrobacteriiun harbor a binary Ti plasmid system. Such a binary system 
comprises 1) a first Ti plasmid having a virulence region essential for the introduction of 
transfer nucleic acid (T-DNA) into plants, and 2) a chimeric plasmid. The latter contains 
at least one border region of the T-DNA region of a wild-type Ti plasmid flanking the 
nucleic acid to be transferred. Binary Ti plasmid systems have been shown effective to 
transform plant cells (De Framond, Biotechnology 1:262, 1983; Hoekema et al. Nature 
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202:179, 1983), Such a binary system is preferred because it does not require integration 
into the Ti plasmid of Agrobacteriiun, which is an older methodology. 

Methods involving the use of Agrobacterivim in transformation according to the 
present invention include, but are not limited to: 1) cocultivation of Agrobacterium with 
cultured isolated protoplasts; 2) transformation of plant cells or tissues with 
Agrobacterium; or 3) transformation of seeds, apices or meristems with Agrobacterium. 

In addition, gene transfer can be accomphshed by in plant a transformation by 
Agrobacterium, as described by Bechtold et al, {C.R, Acad. Set Paris 216:1 194, 1993) 
and exemplified in the Examples herein. This approach is based on the vacuum 
infiltration or dipping of a suspension of Agrobacterium cells. 

The preferred method of introducing CDRl polynucleotide into plant cells is to 
infect such plant cells, an explant, a meristem or a seed, with transformed Agrobacterium 
tumefaciens as described above and in the Examples. Under appropriate conditions 
known in the art, the transformed plant cells are grown to form shoots, roots, and develop 
fiirther into plants. 

Alternatively, CDRl polynucleotide can be introduced into a plant cell using 
mechanical or chemical means. For example, the nucleic acid can be mechanically 
transferred into the plant cell by microinjection using a micropipette. Alternatively, the 
nucleic acid may be transferred into the plant cell by using polyethylene glycol which 
forms a precipitation complex with genetic material that is taken up by the cell. 

CDRl polynucleotide can also be introduced into plant cells by electroporation 
(Fromm et al, Proc. Natl Acad. Sci. U.S.A. £2:5824, 1985, which is incorporated herein 
by reference). In this technique, plant protoplasts are electroporated in the presence of 
vectors or nucleic acids containing the relevant nucleic acid sequences. Electrical 
impulses of high field strength reversibly permeabilize membranes allowing the 
introduction of nucleic acids. Electroporated plant protoplasts reform the cell wall, 
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divide and form a plant callus. Selection of the transformed plant cells with the 
transformed gene can be accomplished using phenotypic markers as described herein. 

Another method for introducing CDRl polynucleotide into a plant cell is high 
5 velocity ballistic penetration by small particles with the nucleic acid to be introduced 
contained either within the matrix of such particles, or on the surface thereof (Klein 
et aL, Nature 222:70, 1987). Bombardment transformation methods are also described in 
Sanford et al (Techniques 2:3-16, 1991) and Klein et al {Bio/Techniques jl>:286, 1992). 
Although, typically, only a single introduction of a new nucleic acid sequence is 

O 10 required, this method particularly provides for multiple introductions. 

Q 

:R Cauliflower mosaic virus (CaMV) may also be used as a vector for introducing 

W nucleic acid into plant cells (US Patent No. 4,407,956). CaMV viral nucleic acid 

- genome is inserted into a parent bacterial plasmid creating a recombinant nucleic acid 

1 5 molecule which can be propagated in bacteria. After cloning, the recombinant plasmid 
again may be cloned and fiirther modified by introduction of the desired nucleic acid 
sequence (e.^., the CDRl sequence). The modified viral portion of the recombinant 
plasmid is then excised from the parent bacterial plasmid, and used to inoculate the plant 
cells or plants. 

20 

As used herein, the term "contacting" refers to any means of introducing CDRl 
into the plant cell, including chemical and physical means as described above. 
Preferably, contacting refers to introducing the nucleic acid or vector into plant cells 
(including an explant, a meristem or a seed), via Agrobacterium tumefaciens transformed 
25 with the CDRl encoding nucleic acid as described above. 

Normally, a transformed plant cell is regenerated to obtain a whole plant from the 
transformation process. The immediate product of the transformation is referred to as a 
"transgenote. The term "growing" or "regeneration" as used herein means growing a 
30 whole plant from a plant cell, a group of plant cells, a plant part (including seeds), or a 
plant piece (e.g., from a protoplast, callus, or tissue part). 
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Regeneration from protoplasts varies from species to species, but generally the 
process is initiated by first providing a suspension of protoplasts. In certain species, 
plant formation can be induced from the protoplast suspension, followed by ripening and 
germination as natural plant. The culture media will generally contain various amino 
acids and hormones, necessary for growth and regeneration. Examples of hormones 
utilized include auxins and cytokinins. It is sometimes advantageous to add glutamic 
acid and proline to the medium, especially for plant species such as com and alfalfa. 
Efficient regeneration will depend on the medixmi, the genotype, and the history of the 
culture. If these variables are controlled, regeneration is reproducible- 
Regeneration also occurs from plant callus, explants, organs or parts. 
Transformation can be performed in the context of organ or plant part regeneration, (see 
Methods in Enzvmologv . VoL 118, 1987, and Klee et al. Annual Review of Plant 
Physiology, 2S:467, 1987). Utilizing the leaf disk-transformation-regeneration method 
of Horsch et aL, Science 222:1229, 1985, disks are cultured on selective media, followed 
by shoot formation in about 2-4 weeks. Shoots that develop are excised from caUi and 
transplanted to appropriate root-inducing selective medium. Rooted plantlets are 
transplanted to soil as soon as possible after roots appear. The plantlets can be repotted 
as required, until reaching maturity. 

In vegetatively propagated crops, the mature transgenic plants are propagated by 
utilizing cuttings or tissue culture techniques to produce multiple identical plants. 
Selection of desirable transgenotes is made and new varieties are obtained and 
propagated vegetatively for commercial use. 

In seed propagated crops, the mature transgenic plants is self crossed to produce a 
homozygous inbred plant. The resulting inbred plant produces seed containing the newly 
introduced foreign gene(s). These seeds can be grown to produce plants that would 
produce the selected phenotype, e.g., increased yield. 

Parts obtained from regenerated plant, such as flowers, seeds, leaves, branches, 
roots, fruit, and the like are included in the invention, provided that these parts comprise 
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cells that have been transformed as described. Progeny and variants, and mutants of the 
regenerated plants are also included within the scope of the invention, provided that these 
parts comprise the introduced nucleic acid sequences. 

After selecting the transformed cells, one can confirm expression of the desired 
heterologous gene. Simple detection of mRNA encoded by the inserted DNA can be 
achieved by well known methods in the art, such as Northern blot hybridization. The 
inserted sequence can be identified by Southern blot hybridization, as well. 

Plants exhibiting increased disease resistance as compared with wild-type plants 
can be selected by visual observation. (See also U.S. patent No. 5,530,187, incorporated 
herein by reference.) The invention includes plants produced by the method of the 
invention, as well as plant tissue and seeds. 

In yet another embodiment, the invention provides a method for genetically 
modifying a plant cell such that a plant, produced &om the cell, is characterized as 
having increased disease resistance as compared with a wild-type plant. The method 
includes introducing at least one nucleic acid sequence encoding CDRl polypeptide into 
a plant cell a transformed plant cell; growing the transformed plant cell xmder conditions 
which allow expression of CDRl polypeptide thereby producing a plant having increased 
disease resistance. Conditions such as environmental and promoter inducing conditions 
vary firom species to species, but should be the same within a species. 

In anotho: embodiment, the invention provides a method of producing a plant 
characterized as having increased disease resistance by introducing CDRl polynucleotide 
into a plant cell to obtain a transformed cell, and then growing the transformed plant cell 
under conditions which permit expression of CDRl polypeptide to produce a plant with 
increased disease resistance. The term "expression" refers to an increase in transcription 
of CDRl DNA or translation of CDRl mRNA or activity of CDRl polypeptide. 

In yet another embodiment, the invention provides a method of producing a plant 
characterized by having increased disease resistance as compared to a wild type plant by 
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contacting a susceptible plant with an CDRl promoter-inducing amount of an agent 
which induces CDRl gene expression, wherein induction of CDRl gene expression 
results in production of a plant having increased disease resistance as compared to a plant 
not contacted with the agent. The agent can induce endogenous CDRl gene expression, 

5 for example. In a preferred embodiment, the plant is a transgenic plant containing a 
nucleic acid encoding an inducible promoter operably linked to nucleic acid encoding 
CDRl. Examples of inducible promoters useful in plants include those induced by 
chemical means, such as the yeast metallothionein promoter which is activated by copper 
ions (Mett, et al, Proc. Natl Acad, ScL USA, 2Q:4567, 1993); In2-1 and In2-2 regulator 

10 sequences which are activated by substituted benzenesulfonamides, eg,, herbicide 
safeners (Hershey, et al„ Plant Mol Biol 12:679, 1991); and the GRE regulatory 
sequences which are induced by glucocorticoids (Schena et al, Proc. Natl Acad, Set 
USA, SS:10421, 1991). The term promoter inducing amoimt refers to that amount of 
agent necessary to elevate CDRl gene expression above CDRl expression in a plant cell 

15 not contacted with the agent. For example, a transcription factor or a chemical agent 
may be used to elevate gene expression from CDRl native promoter. The invention 
method envisions contacting cells containing endogenous CDRl promoter or 
recombinantly produced CDRl promoter. 

20 Screen for Tdentifving Novel Disease Res istance Genes 

The invention provides a method of identifying novel disease resistance genes 
related to CDRl by probing a nucleic acid library with at least a fragment of an isolated 
polynucleotide encoding CDRl, and selecting those clones that hybridize with the 
fragment. Novel disease resistant genes, such as homologs of CDRl are identified by 

25 any of a number of methods. The nucleotide sequence encoding a novel disease 

resistance gene can be isolated according to any one of a variety of methods well known 
to those of ordinary skill in the art. For example, DNA encoding a CDRl homolog can 
be isolated from either a cDNA library or from a genomic DNA library (see, e.g., 
Sambrook et al., 1989. Molecular C loning: A Laboratorv Manual, 2nd Ed., Cold Spring 

30 Harbor Laboratory Press, Cold Spring Harbor, NY). In one embodiment, a fragment of a 
polynucleotide encoding CDRl may be used as a hybridization probe with a cDNA 
library from the target organism of interest, where low stringency conditions are used. 
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The probe may be a large fragment, or one or more short degenerate primers. In a 
preferred embodiment, the probe is at least eight nucleotides in length. 

Nucleic acids having sequence similarity are detected by hybridization under low 
stringency conditions, for example, at 50/C and lOxSSC (0.9 M saline/0.09 M sodium 
citrate) and remain bound when subjected to washing at 55/C in IxSSC. Sequence 
identity can be determined by hybridization under more stringent conditions, for 
example, at 50/C or higher and O.lxSSC (9 mM saline/0.9 mM sodium citrate). By using 
probes, particularly labeled probes of DNA sequences, one can isolate homologous or 
related genes. The source of homologous genes may be any species, e.g. plant species, 
primate species, particularly human; rodents, such as rats and mice, canines, felines, 
bovines, ovines, equines, yeast, and nematodes. 

Alternatively, the DNA encoding a novel disease resistance gene can be isolated 
using standard polymerase chain reaction (PCR) amplification of synthetic 
oligonucleotide primers, e.g., as described in MuUis et al., U.S. Patent No. 4,800,159, or 
expression cloning methods well known in the art (see, e.g., Sambrook et al., 1989, 
Molecular Cloning: A Lah oratorv Manual. 2nd Ed., Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, NY). One of skill in the art can readily design primers for 
PCR amplification based on the sequence of a polynucleotide encoding CDRl 
polypeptide. 

Between plant species, e.g. monocotyledons, dicotyledons, and woody species, 
homologs typically have substantial sequence similarity, i.e. at least 75% sequence 
identity between nucleotide sequences. Sequence similarity is calculated based on a 
reference sequence, which may be a subset of a larger sequence, such as a conserved 
motif, coding region, or flanking region, for example.. A reference sequence will usually 
be at least about 18 nucleotides (nt) long, more usually at least about 30 nt long, and 
may extend to the complete sequence that is being compared. Algorithms for sequence 
analysis are known in the art, such as BLAST, described in Altschul et al (1990) J. Mol 
Biol 215 :403-10, The sequences provided herein are essential for recognizing CDRl 
related and homologous proteins in database searches. 
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Antibody. Antisense nr RihoTyme Inhibition of CDRl for Increased Disease 
Susceptibility 

5 In another embodiment, the invention provides a method for increasing susceptibility 

of a plant to disease by inhibiting expression of CDRl. For example, it may be desirable 
to provide a CDRl specific antibody, as described above, or antisense oligonucleotides to 
a plant in order to provide a means for killing or reducing growth of the plant, e.g.^ weeds. 
The Examples indicate that CDRl is an extracellular protein and therefore is accessible to 
10 inhibition by CDRl antibodies. Antisense technology offers a very specific and potent 
means of inhibiting CDRl expression, for example, by decreasing the amount of CDRl 
expression in a cell. Antisense polynucleotides in context of the present invention includes 
both short sequences of DNA known as oligonucleotides of usually 10-50 bases in length 
as well as longer sequences of DNA that may exceed the length of the CDRl gene sequence 
^ 15 itself Antisense polynucleotides useful for the present hivention are complementary to 
y specific regions of a corresponding target mRNA. Hybridization of antisense 

n polynucleotides to their target transcripts can be highly specific as a result of complemmtary 

^ base pairing. The capability of antisense polynucleotides to hybridize is affected by such 

parameters as length, chemical modification and secondary structure of the transcript which 
20 can influence polynucleotide access to the target site. See Stein et al. Cancer Research 
48:2659 (1988). An antisense polynucleotide can be introduced to a cell by introducing a 
DNA segment that codes for the polynucleotide into the cell such that the polynucleotide is 
made inside the cell. An antisense polynucleotide can also be introduced to a cell by adding 
the polynucleotide to the environment of the cell such that the cell can take up the 
25 polynucleotide directly. The latter route is preferred for the shorter polynucleotides of up 
to about 20 bases in length. 

In selecting the preferred length for a given polynucleotide, a balance must be struck 
to gain the most favorable characteristics. Shorter polynucleotides such as 10-to 15-mers, 
30 while offering higher cell penetration, have lower gene specificity. In contrast, while longer 
polynucleotides of 20-30 bases offer better specificity, they show decreased uptake kinetics 
into cells. See Stein et al, PHOSPHOROTfflOATE OLIGODEOXYNUCLEOTIDE 
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ANALOGUES in "Oligodeoxynucleotides - Antisense Inhibitors of Gene Expression" 
Cohen, ed, McMillan Press, London (1988). Accessibility to mRNA target sequences also 
is of importance and, therefore, loop-forming regions in targeted mKNAs offer promising 
targets. 

5 

In this disclosure the term "polynucleotide" encompasses both oligomeric nucleic 
acid moieties of the type found in nature, such as the deoxyribonucleotide and ribonucleotide 
stractures of DNA and RNA, and man-made analogues which are capable of binding to 
nucleic acids fovmd in nature. The polynucleotides of the present invention can be based 
□ 10 upon ribonucleotide or deoxyribonucleotide monomers linked by phosphodiester bonds, or 
2 by analogues linked by methyl phosphonate, phosphorothioate, or other bonds. They may 
also comprise monomer moieties which have altered base stmctxires or other modifications, 
Ul but which still retain the ability to bind to naturally occurring DNA and RNA structures. 

P Such polynucleotides may be prepared by methods well-known in the art, for instance using 

Jl 15 commercially available machines and reagents available fcom Perkin-Ehner/Applied 
yj Biosystems (Foster City, CA). 

a 
o 

^ Phosphodiester-linked polynucleotides are particularly susceptible to the action of 

nucleases in serum or inside cells, and therefore in a preferred embodiment the 
20 polynucleotides of the present invention are phosphorothioate or methyl phosphonate-linked 
analogues, which have been shown to be nuclease-resistant. Persons of ordinary skill in this 
art will be able to select other linkages for use in the invention. These modifications also 
may be designed to improve the cellular uptake and stability of the polynucleotides. 

25 In another embodiment of the invention, the antisense polynucleotide is an RNA 

molecule produced by introducing an expression construct into the target cell. The RNA 
molecule thus produced is chosen to have the capability to hybridize to CDRl mRNA. Such 
molecules that have this capability can inhibit translation of the CDRl mRNA and thereby 
enhance susceptibility to disease in plant cells that contain the RNA molecule. 
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The polynucleotides which have the capability to hybridize with mRNA targets can 
inhibit expression of corresponding gene products by multiple mechanisms. In "translation 
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arrest," the interaction of polynucleotides with target mRNA blocks the action of the 
ribosomal complex and, hence, prevents translation of the messenger RNA into protein. 
Haeuptle et aL, NucL Acids. Res, 14:1427 (1986). In the case of phosphodiester or 
phosphorothioate DNA polynucleotides, intracellular RNase H can digest the targeted RNA 

5 sequence once it has hybridized to the DNA oligomer. Walder and Walder, Proc, Natl 
Acad. ScL USA 85:501 1 (1988). As a further mechanism of action, in "transcription arrest" 
it appears that some polynucleotides can form "triplex," or triple-helical structures with 
double stranded genomic DNA containing the gene of interest, thus interfering with 
transcription by RNA polymerase. Giovannangeli et ai, Proc. Natl. Acad. Sci. 90:10013 

10 (1993); Ebbinghaus et ai J. Clin. Invest. 92:2433 (1993). 

In one preferred embodiment, CDRl polynucleotides are synthesized according to 
standard methodology. Phosphorothioate modified DNA polynucleotides typically are 
synthesized on automated DNA synthesizers available fi-om a variety of manufacturers. 

1 5 These instruments are capable of synthesizing nanomole amounts of polynucleotides as long 
as 100 nucleotides. Shorter polynucleotides synthesized by modem instruments are often 
suitable for use without further purification. If necessary, polynucleotides may be purified 
by polyacrylamide gel electrophoresis or reverse phase chromatography. See Sambrook et 
aly MOLECULAR CLONING: A Laboratory Manual, Vol. 2, Chapter 11, Cold Spring 

20 Harbor Laboratory Press, Cold Spring Harbor, NY (1989). 

Alternatively, a CDRl polynucleotide in the form of antisense RNA may be 
introduced to a cell by its expression within the cell fiom a standard DNA expression vector. 
CDRl DNA antisense sequences can be cloned firom standard plasmids into expression 

25 vectors, which expression vectors have characteristics permitting higher levels of, or more 
efficient expression of the resident polynucleotides. At a minimum, these constructs require 
a prokaryotic, plant-specific or eukaryotic promoter sequence which initiates transcription 
of the inserted DNA sequences. A preferred expression vector is one where the expression 
is inducible to high levels. This is accomplished by the addition of a regulatory region 

30 which provides increased transcription of downstream sequences in the 2^propriate host cell. 
See Sambrook et al, VoL 3, Chapter 16 (1989). 
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For example, CDRl antisense expression vectors can be constructed using the 
polymerase chain reaction (PCR) to amplify appropriate fragments from single-stranded 
cDNA of a plasmid in which CDRl cDNA has been incorporated. Fang et al, J. BioL 
Chem, 267 25889-25897 (1992). Polynucleotide synthesis and purification techniques are 
5 described in Sambrook et al and Ausubel et al (eds.), CURRENT PROTOCOLS IN 
MOLECULAR BIOLOGY (Wiley Interscience 1987) (hereafter "Ausubel"), respectively. 
The PCR procedure is performed via well-known methodology. See, for example, Ausubel, 
and Bangham, "The Polymerase Chain Reaction: Getting Started," in PROTOCOLS IN 
HUMAN MOLECULAR GENETICS (Humana Press 1991). Moreover, PCR kits can be 
ib 10 purchased firom companies such as Stratagene Cloning Systems (La JoUa, CA) and 

^ Invitrogen (San Diego, CA). 

SI 

I? si 

in Antisense polynucleotides according to the present invention are derived from any 

T portion of the open reading frame of the CDRl cDNA. Preferably, mRNA sequences (i) 

15 sun-ounding the translation initiation site and (ii) forniing loop stmctures are t^ Based 
W upon the size of the human genome, statistical studies show that a DNA segment 

approximately 14-15 base pairs long will have a unique sequence in the genome. To ensure 
specificity of targeting CDRl RNA, therefore, it is preferred that the antisense 
polynucleotides are at least 15 nucleotides in length. Thus, the shortest polynucleotides 
20 contemplated by the present invention encompass nucleotides corresponding to positions 1- 
14, 1-15, 1-16, 1-17, 1-18, 1-19, 2-16, 3-17, etc, of the CDRl cDNA sequence. Position 1 
refers to the first nucleotide of the CDRl coding region. In Example 9, an antisense derived 
fix>m the entire CDRl gene was utilized for inhibiting CDRl expression, thereby increasing 
suscq)tibility to disease in a transgenic plant. 

25 

Not every antisense polynucleotide will provide a sufficient degree of inhibition or 
a sufficient level of specificity for the CDRl target. Thus, it vnW be necessary to screen 
polynucleotides to determine which have the proper antisense characteristics. A preferred 
method to assay for a useful antisense polynucleotide is to infect a plant receiving the 
30 antisense construct with a disease causing organism, as in Example 9, and determining the 
susceptibility of the plant to disease. 
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The above disclosure generally describes the present invention. A more complete 
understanding can be obtained by reference to the following specific examples which are 
provided herein for purposes of illustration only and are not intended to limit the scope of 
the invention. 



EXAMPLE I 

HRNKRATTON OF T-DN A ArTTVATION TAGGED MUTANTS 
The activation tagging binary vector pSKIlS is shown in FIG. 1 . This vector is 
5 10 derived fi:om pPCVICEn4HPT (Walden et al., 1994, Plant Molec. Bio. 26: 152, 
U incorporated by reference). The vector has a BAR gene as a plant selection maricer 

which allows selection of transformants in soil. Four copies of transcriptional enhancers 
derived from the cauliflower mosaic virus 35S RNA promoter (4x 35S enhancer) are 
located next to the right border sequence of the T-DNA, insertion of which into the plant 
15 genome is expected to cause strong ectopic or over-expression of adjacent plant genes. 
The T-DNA also contained pBluescript sequences, allowing isolation of tagged plant 
genes by plasmid rescue. Arabidopisis plants (ecotype Columbia) were directly 
transformed by agrobacterium strain GV3101 harboing pSKI15. Seeds harvested from 
the TO plants were pooled and sown on soil. The seedlings were sprayed with herbicide 
20 Basta to select for transformants. On average, approximately 1% transformation 

efficiency was achieved. The Basta resistant seedlings (Tl plants) were transplanted 
invidually and grown for four weeks before mutant screening. 



KXAMPI.E 2 

25 TDRNTIFICATON OF CPR MUTANTS 

To screen for dominant mutants which exhibited enhanced disease resistance, 

8 

four week-old Tl transgenic individuals were sprayed with 3-4x10 cfti/ml virulent 

Pseudomonas syringe pv. tomato (Pst) or P. syringae pv. maculicola (Psm). Phenotypes 
were scored 4 to 7 days post infection. The individuals which exhibited no disease 
30 symptoms or less severe symptoms were identified as putative mutants. As the screening 
was performed in the Tl generation, such identified mutants are presvunably dominant, 
most likely gain-of-fimction mutation(s) resulting from activation of corresponding genes 
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driven by the 35S enhancers. These mutants were named cdr (constitutive disease 
resistance). 

Approximately five thousand of the activation tagged lines were screened for cdr 
mutants and 12 putative cdr mutants were identified. The selfed progenies (T2 plants) of 
these putative cdr mutants were rescreened by infection with either Psm or Pst. cdr\-D 
was a confirmed mutant and is further described herein. 

cdrl'D was originally identified by its resistance to Pst. Neighboring plants were 
severely infected following spraying with Pst, whereas the cdr plant was ahnost 
completely asymptomatic. cdrJ-D plants were dwarf and the leaves were slightly curled 
and darker. No abnormality was observed in shoot and flower development, and cdrl-D 
plants exhibited normal seed setting. 

Genetic Analysis of cdrl-D allele 

Among 241 T2 plants, 176 were dwarf and Basta resistant, 28 wild-type looking 
and Basta resistant, and 37 wild-type looking and Basta susceptible. No dwarf, Basta 
susceptible progeny were foxmd. Among over 60 dwarf T2 plants so far tested, all 
exhibited enhanced disease resistance, and none of over 20 wild-type-looking plants 
tested showed enhanced disease resistance. Therefore, no recombinantion between cdrl- 
D mutation dwarf stature, and Basta resistance was detected among over 80 T2 progeny 
scored. This result strongly suggests that the cdrl-D mutation is caused by T-DNA 
insertion and the dwarf stature is likely a side effect of constitutive expression of disease 
resistance mechanisms mediated by the cdrl-D mutation. The segregation data 
demonstrated that the cdrl-D mutation is dominant to its wild-type allele. The progeny 
firom a backcross between wild-type Columbia and the cdrl-D Tl plant (heterozygous) 
segregated 1 :1 for cdrl-D and wild-type plants, indicating that the cdrl-D mutation is 
dominant. In addition, the F2 segregation data also suggested that the cdrl-D Tl plant 
contains two T-DNA insertions which are lined with a genetic distance of 39 cM. Only 
one insertion was associated with the cdrl-D mutation. Southern analysis further 
demonstrated that the cdrl-D Tl plants contains two T-DNA insertions (see below). 
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KXAMPLE 3 
nHrUn TS RKSTSTANT TO BOTH Pst AND Psm 

Resistance to Pst in cdrl-D and wild-type plants was further monitored by 
measuring bacterial growth in the plants using a dipping infection procedure (see below). 
In wild-type plants, the pathogen growth was over 10,000 fold above inoculation levels 
after 4 days. However, in the cdrl-D mutants, pathogen growth increased 200 fold. The 
resistance oi cdrl-D plants to Psm was also examined. Following infection with Psm, 
the cdrl-D plants were found to be symptomless. 



KXAMPLE 4 

ACTIVATION OF DEFENSE-RELATED GENES IN THE cdrJ-D MUTANT 

In response to pathogen attack, plants activate a battery of defense-related genes 
in the infected site as well as in tissues distant from the infection sites. Such genes 
include PR genes encoding pathogenesis-related proteins, such as PALI, which encodes 
phenylalanine ammonia lysase, and GST encoding glutathione S-transferase. Other 
mutants which constitutively express disease resistance accumulate high levels of 
defense-related genes. To study if the defense-related genes are constitutively expressed 
in the cdrl-D mutants, the steady-state levels of PRl, PR2, PALI, GSTl, and rbohA 
transcripts were examined. The basal levels of PRl and PR2 transcripts in the cdrl-D 
mutants were approximately 200-fold higher relative to those in healthy wild-type plants. 
The cdrl-D mutant plants also accumulated at least 20 times more rbohA transcripts 
than the wild-type plants do. However, the GSTl transcript level in the mutant plants 
was only 2-3 fold higher than in wild-type plants. In addition, gene expression was 
suppressed in cdrl-D mutant plants. 

Defensin genes are also activated following pathogen attach or jasmonate 
appUcation. Their activation is apparently independent of salicylic acid. PDF 1,2, an 
Arabidopsis gene encoding a defensin protein, is constitutively activated in cdrS and 
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cdr6 mutants. However, the level PDF 1.2 transcripts was not elevated in the cdrl-D 
plants. 

EXAMPLE 5 

rdrUn EXHIBITS ELEVATED LFVKT.S OF SALICYLIC ACID (SA) AND 
SALTCVLTC ACID C^LIJCOSIDE (SAG^ 
Salicyclic acid (SA) plays important roles in the primary resistance response to 
pathogen infection as well as in the induction of systemic acquired resistance. Elevated 
levels of SA and SA -glucoside (SAG), a sugar-conjugated form of SA, have been found 
to be associated with some previously reported constitutive disease resistant mutants. 
Table 2 shows that the levels of SA and SAG in the cdrl-D mutants SA and SAG were 
approximately 15 and 35 times higher, respectively, than the levels found in wild-type 
plants. 

Salicylic acid is required for cdrl-D mediated dis ease resistance 

To examine the relationship between the cdrl-D mutant phenotype and salicylic 
acid, cdrl'D plants were crossed to the plants expressing the bacterial nahG gene. The 
nahG gene encodes salicylate hydroxylase which converts salicylic acid to catechol, 
thereby preventing salicylic acid accimiixlation, nahG plants were used as female parents 
and cdrl'D plants as male parents. The Fl plants were selected for resistance to Basta. 
Although cdrl-D nahG Fl plants were more compact, and the leaves where slightly 
rippled, the cdrl-D dwarf stature was suppressed in the F 1 plants. 

The suppression of defense gene activation was examined in the cdrl-D nahG 
plants. In contrast to the cdrl-D mutants, the cdrl-D nahG plants did not exhibit 
elevated levels of PRl and PR2 transcripts. Furthermore, the cdrl-D nahG plants no 
longer exhibited enhanced resistance to the vimlent Pst. The in planta bacterial growth 
measurement following hand infiltration procedure also demonstrated that the cdrl-D 
mediated resistance was completely suppressed in the cdrl-D nahG Fl plants. 
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The data revealed that nahG suppressed cdrl-D mediated defense gene 
activation, enhanced disease resistance, as well as the dwarf stature, demonstrating that 
SA is a necessary component in cdrl-D mediated disease resistance pathway. 

A DOMINANT SUPPRESSER OF cdr7-D MEDIA TED SIGNALING PATHWAY 
IN ARABTDOPSIS ECQTYPE Landsberg erecta ger) 
cdrl-D develops spontaneous micro-oxidative bursts and micro-lesions The high 
level of rbohA expression suggested that the mutant might generate high levels of 
reactive oxygen species. To exanaine this, DAB staining was used for in vivo and in situ 
detection of H202. DAB polymerizes instantly and locally as soon as it comes into 
contact with H202. DAB polymers exhibit a reddish-brown color. Interestingly, in the 
iminfected cdrl-D leaves, some cells are generating high levels of H202, 

Most constitutive disease resistance mutants develop visible spontaneous lesions. 
The cdrl-D mutant does not exhibit obvious lesions. However, with the Trypan Blue 
staining technique, small lesions were observed in the mutant leaves. 

PXAMP1LE7 
ri ONTNG AN D ANAT.YSIS OF CDRl GENE 
Consistent with the segregation data indicating that the Tl cdrl-D plant 
contained at least two T-DNA insertions, DNA gel blot analyses detected two genomic 
fragments containing 35S enhancer sequence in the EcoRI-digested genomic DNA 
isolated from pooled self-progeny of the cdrl-D Tl plant. The 5 kb EcoRI fragment was 
present in both Basta resistant wild-type progeny and cdrl-D plants, whereas the 10 kb 
fragment cosegregated with the cdrl-D allele. cdrl-D lines which only contain the lOkb 
35S enhancer-hybridization fragment were isolated. The 10 kb 35S enhancer-containing 
EcoRI fragements was isolated using plasmid rescue (see below). The rescued plasmid 
was named pCDRlE. Sequence and restriction digestion analysis of PCDRIE reveal that 
it contained approximately 4.5 kb of plant sequence. 
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The entire 4.5 kb plant sequence was used as a probe in Northern analyses. A 
single strong band of 1.5-1.6 kb transcript was detected in the cdrl mutant plants but was 
not detectable in wild-type plants. No other transcript was detected in either the wild- 
type plants or the cdrl-D plants. The 1.6 kb transcript represented the coding sequence 
of the candidate CDRl gene. 

The 4.5 kb plant sequence of pCDRlE was used to screen approximately 
4x10^ plaques from a cDNA library (CD4-7)and 1x10^ plaques from another size- 
fractionated (1-2 kb fraction) cDNA library (CD). Two cDNA clones (pCDRlCl and 
pCDRlC2) from the latter library were identified. Sequence analysis indicated that both 
cDNA clones were derived from the same gene. The cDNA insert in pGDRlCl was 
1485 bp in length without a polyA tail, and was found to be 64 bp longer than that in 
pCDRlC2. 

pCDRlE and pCDRlCl were fully sequenced and their organization is presented 
in Figure 2. The cDNA is derived from the genomic region 0.8kb downstream of the 
35S enhancers (see Figure 3). No intron was present. 

The Xbal fragment from pCDRlE, which includes one copy of the 35S enhancer 
and the candidate CDRl gene, was subcloned into the binary vector pBIlOl to generate 
the pBI/CDRlX construct. When transformed into wild-type plants, this fragment was 
found to cause similar phenotypes as seen in the original cdrl-D mutant, confirming that 
the cloned sequence is indeed the CDRl gene. 

EXAMPLE 8 
SKpTJKNCE ANALYSTS OF CDRl PROTEIN 
The CDRl gene contained an open reading frame that encoded a 437-amino acid 
polypeptide with a predicated molecular mass of 47 kDa (Figure 3). The deduced protein 
was predicated by the PSORT algorithm (Nakai and Kanehisa, 1992) to be extracellular, 
with a signal pepetide cleaved at position 25. 
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A BLAST (Altschul et aL, 1990, J Mol. Biol 215:403-410) search of the 
GenBank databases revealed that CDRl shared significant sequence homology with 
aspartic proteases. Like most of the aspartic proteases identified so far fi-om a variety of 
organisms, CDRl consists of two aspartic protease domains. The most homologous 
sequence in the databases is an Arabidopsis genomic sequence (GenBank accession # 
AC006193, fi-om sequence 4600 to 55982) with an unknown fimction identified fi-om 
Arabidopsis genome sequencing projects. This sequence shares 71% sequence identity 
to CDRl at the amino acid level. Database searches also indicated that the Arabidopsis 
genome contains at least 14 genes that share significant sequence similarity with CDRl. 

EXAMPLE 9 

ANTTSFNSR STJPPRKSSTON OF CDRl GENE CAUSES ENHANCED 

DISEASE ST TSCKPTTBTI.ITY 
The fiiU-length cDNA of the CDRl gene was fiised to the 35S promoter in the 

antisense orientation. The antisense constract was transferred into wild-type Arabidopsis 

(Columbia ecotype). Twelve independent Tl transgenics were infected with avirulent 

Psm avrRpml. One of the transgenic lines (Anti-12-1) exhibited susceptibility to the 

infection. 

E XAIVff^l^E ^0 

TRANSIENT INDUCTION OF THE TDRI GENE BY A CHEMTCAT. INDUCES 
I.OCAI. AND SYST FIVfIC DISEASE RESISTANCE RESPONSES 

The CDRl cDNA was subcloned into a glucocorticoid-mediated transcriptional 
induction system to generate pTA-CDRl, in which CDRl expression is under control of 
the glucocorticoid-inducible promoter. To induce the CDRl gene, the plants were 
sprayed with Dexamethazone (Dex), a synthetic hormone. Induction of CDRl gene 
expression was detected within three hours after Dex application and reached its highest 
level in two days. The induction of the CDRl gene quickly switched on expression of 
PR2 and PRl genes. Local induction of CDRl by hand infiltration of Dex was found to 
induce PRl and PR2 expression in the systemic leaves. 

To examine if the transient induction of CDRl can enhance resistance to 
pathogen infection, the TA-CDRl transgenic plants and control plants (carrying the pTA 
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vector sequence only) were infected by spraying with Pst suspension two days after the 
plants were treated with Dex. The TA-CDRl transgenics exhibited enhanced resistance 
to the infection. Local induction of the CDRl gene also made the whole plants more 
resistant to the infection. 

EXAMPLE 11 
rnRI TS AN EXTRA^CELLULAR PROTEIN 

Anti-CDRl polyclonal antibodies were raised against a synthetic peptide derived 
from the near C-terminus of the deduced CDRl protein. The crude antibodies were then 
affinity-purified using the recombinant CDRl protein expressed in E, coli. The pxuified 
antibodies detected a single polypeptide with an approximate size of 58 kDa in CDRl 
over-expressing plants, including the cdrl-D and the Dex-induced TA-CDRl plants. The 
abimdance of CDRl protein in wild-type plants is presumably too low to be detected by 
the 

antibodies. The size of the detected CDRl protein is bigger than the predicted size of the 
intact CDRl protein (47 kDa), indicating that the mature CDRl protein is modified. 

The CDRl protein is predicted to be extra-cellular. To test this, intercellular 
fluids (IFs) were isolated from the CDRl-overexpressing plants and from control plants. 
The abundance of CDRl protein in the IFs detected by the antibodies was at least 10-15 
fold higher than in the total crude extracts, demonstrating that the CDRl protein is 
localized in intercellular spaces. 

E X AMP LE n 

TNTERCELT Jn.AR Ff.UTDS FROM CDR1-OVEREXPRESSING ARABIDOPSXS 

TNPUCE PR GENE 
EXPRESSION T.OCALI.Y AND SYSTEMICALLY 

When hand-infiltrated into wild-type leaves, the IFs isolated fi-om the cdrl-D and 
Dex-induced TA-CDRl plants were found to strongly induce PRl and PR2 gene 
expression. To further determine the molecular features of the elicitor activity that is 
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inducing PR proteins, the IFs were size fractionated by using a 10 kDa molecular weight 
cut-off filter. The higher (>10 kDa) molecular weight firaction (HMWF) was found to 
account for the major elicitor activity seen in the crude IFs, The HMWF also induced PR 
gene expression in the secondary leaves. The lower molecular weight fraction (LMWF) 
was found to weakly induce PR gene expression in the primary leaves. Interestingly, the 
LMWF was able to induce PR gene expression in the secondary leaves as effectively as 
the HMWF. Further size fractionation by using a 3 kDa molecular weight cut-off filter 
demonstrated that the 

elicitor activity in the LMWF has a size of 3-10 kDa. 

CDRl RELRASKS A 4,5 K H A POT.VPEPTTDE IN INTRRCFXLULAR Fl^VIDS 

The IFs were concentrated using a 3 kDa molecular weight cut-off filter. The 
concentrated IFs were separated on a ID PAGE gel and silver-stained. An 
approximately 4.5 kDa polypeptide accumulated only in the IFs isolated from CDRl- 
induced plants (Figure 4). This CDRl -released polypeptide could have the eUcitor 
activity that induces local and systemic disease resistance responses, 

EXAMPJLE 14 
MATERIALS AND METHODS 

1 . Plant materials 

Arabidopsis thaliana ecotype Columbia that were used for transformation were 
grown at 23 C under short-day light period (9 h of light and 15 h of dark) for 30 days, 
followed by growth imder long-day conditions xmtil mature. 

Arabidopsis plants were transformed as previously described using, an 
agrobacterium strain GV3 101 pMP90RK harboring activation tagging vector pSKIl 5 
(Figure 1) which has BAR gene for selection with Basta. The Tl seeds were planted in 
soil and the seedlings were sprayed with Basta to select for transformants. The Basta 
resistant seedlings were transplanted and grown under short-day conditions for 
q)ptoximately 4 weeks before being screened for enhanced disease resistance mutants. 



41 



2, Pathogen s and mutant screenine 

Pseudomonas syringe pv. Tomato (Pst) and jP. Syringe pv. Maculicola were 
obtained from and grown as described. Bacteria were pelleted from an overnight culture 

8 

and resuspended in water to a concentration of 2-4x10 cfu/mL The detergent Silwet- 

L77 was added to a final concentration of 0.02%. Plants were sprayed with the bacterial 
suspension using a hand spraying bottle and then covered for 24 hours to maintain high 
humidity. Symptoms were scored 4-7 days post infection. The putative mutants were 
transplanted and grown under long-day conditions to maturity. 

7,. Isolation and analv sis of Arabidopsis nucleic acids 

Arabidopsis genomic DNA was isolated using a modified 
cetyltrimethylammounia bromide (CTAB) procedure (Saghai-Maroff et al., 1 984). Total 
RNA was isolated from aerial parts of 4-5 weeks old plants which had not started to bolt. 
Labeling of DNA firagments with phosphorous-32, electrophoresis, blotting of nucleic 
acids, and hybridization were conducted according to standard procedures (Sambrook, 
Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory Press). 

4. Cloning of T-DNA flanking plant sequence 

To clone the plant sequence flanking the T-DNA borders, a plasmid rescure 
approach was conducted. Briefly, approximately 2ug of genomic DNA was digested 
with Kpnl or EcoRI and then purified by extraction once with 1:1 phenolxhloroform, 
following by ethonol precipitation. The purified DNA fragments were ligated in a total 
volume of 200 ul reaction for overnight. The ligation reaction was extracted once with 
phenolxhloroform (1:1), precipatated with ethonal and resuspended in 10 ul distilled 
water, 1 ul of the purified ligation reaction was used to transform E. Coli using the 
electroporation procedure as previously described (Sambrook et al., 1989, supra), 

5. Cloning of genomic clones and cDNA clones 

An arabidopsis genomic library derived from Ler ecotype (Voytas et al., 1990) 
and two cDNA libraries derived from ecotype Colombia were screened according to 
standard procedures (Sambrook et al., 1989, supra). 
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# # 

6. Antibody production and purification and immunoblot analysis 

A peptide of 14 amino acids, DTVSKTVSFKPTDC, was synthesized and 
injected into rabbits to raise polyclonal antibodies. The resulting antisera were affinity 
purified using the CDRl fusion protein immobilized on nitrocellulose filters as described 
(Sambrook et al., 1989). 

Protein separation and immunoblotting procedures were conducted according to 
standard procedures (Sambrook et al., 1989). 

7. Isolatio n of intercellular fluids 

Leaves were cut into 0.2-0.5cm wide slices and rinsed with water. The leaf slices 
were immersed in water, vacuum-infiltrated for 5-10 min, blotted dry, and placed into the 
barrel of a 20 or 30 ml syringe. The syringe was placed in an appropriate size centrifuge 
tube and centrifuged at 800g for 10 min. The intercellular fluids were collected at the 
bottom of the tube. 

It is to be understood that while the invention has been described in conjunction 
with the detailed description thereof, that the foregoing description is intended to 
illustrate and not limit the scope of the invention, which is defined by the scope of the 
appended claims. Other aspects, advantages, and modifications are withm the scope of 
the following claims. 



43 



